Peak Effect, Fishtail Effect and Plateau Effect : The Reentrant
  Amorphization of Vortex Matter in 2H-NbSe_2 by al, S. S. Banerjee et
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@ LQ PDUNHG  bpUHJLPH DV VHHQ LQ WKH FU\VWDO ; WKHUHIRUH DGGV RQ DQ FRQWUDVW WR WKDW E\ WKH LQFUHDVH LQ WHPSHUDWXUH DV LQ WKH
DGGLWLRQDO FKDUDFWHULVWLF LQ WKH FU\VWDO < )XUWKHU ZLWK SUHVHQW FDVH RI 1E6H  ,W LV QHYHUWKHOHVV UHDVRQDEOH WRLQFUHDVLQJ WHPSHUDWXUH WKH SRZHU ODZ UHJLPH LQ WKH FU\V VXJJHVW WKDW WKH YRUWH[ PDWWHU EHFRPHV DPRUSKRXV LQ
WDO < VKULQNV IDVWHU WKDQ WKDW LQ VDPSOH ; FI )LJH WKH nHOG UHJLRQ RI WKH EURDG KXPS DQG FRQVHTXHQWO\ WKH
DQG )LJI OHDYLQJ RQO\ D UDWKHU IHDWXUHOHVV PRQR FRUUHODWLRQ YROXPH 9 GRHV QRW YDU\ VLJQLnFDQWO\ LQ WKLVFWRQLF - + EHKDYLRU XSWR WKH KLJKHVW nHOGV FI )LJ UHJLRQ 7KXV LQ VXFK D UHJLPH HJ FXUYHV DW W FJ DQG )LJK 1RWH DOVR WKDW WKH OLPLWLQJ YDOXH DQG W  LQ )LJV D DQG E UHVSHFWLYHO\ - +FRI WKH UHGXFHG WHPSHUDWXUH XSWR ZKLFK WKH SRZHU ODZ LV H[SHFWHG WR WUDFN WKH EDFNJURXQG EHKDYLRU LQ :+
UHJLPH DORQJ ZLWK WKH 3( SHDN VXUYLYHV LQ WKH FU\VWDO < LQ HTQ ,W LV SHUWLQHQW WR SRLQW RXW KHUH WKDW DW WHP
LV VPDOOHU WKDQ WKDW LQ FU\VWDO ; 7KLV REVHUYDWLRQ UHDI SHUDWXUHV ZKHUH 3( LV YHU\ FRQVSLFXRXV - + ULVHV IURPFnUPV WKH QRWLRQ >@ WKDW WKH SURJUHVVLYH HQKDQFHPHQW LWV VPDOOHVW YDOXH LQ WKH FROOHFWLYH SLQQLQJ UHJLPH DW WKH
LQ TXHQFKHG GLVRUGHU VKULQNV WKH +7 UHJLRQ RYHU ZKLFK RQVHW RI 3( WR UHDFK LWV RYHUDOO DPRUSKRXV OLPLW DW WKH
WKH YRUWH[ PDWWHU UHVSRQGV OLNH DQ HODVWLFDOO\ SLQQHG YRU SHDN SRVLWLRQ FI FXUYHV DW W  WR  DQG W 
WH[ ODWWLFH WR  LQ )LJV D DQG E UHVSHFWLYHO\ FRQVLVWHQW
$ VLPSOH ZD\ WR XQGHUVWDQG WKH HYROXWLRQ RI WKH FKDU ZLWK WKH IUDPHZRUN RI WKH /DUNLQ  2YFKLQQLNRY /2
DFWHULVWLFV LQ - + HYLGHQW LQ )LJ LV WR UHFDOO WKH FRQ >@ FROOHFWLYH SLQQLQJ SLFWXUH >@ 7KH - +F FYHQWLRQDO FROOHFWLYH SLQQLQJ VFHQDULR IRU ZHDN SLQQLQJ FXUYHV IRU WKH PRUH GLVRUGHUHG FU\VWDO < DSSURDFK WKH
V\VWHPV >@ LQ ZKLFK - + FRXOG EH GHVFULEHG LQ WHUPV LQGLYLGXDO SLQQLQJ OLPLW IDVWHU WKDQ WKRVH LQ FU\VWDO ;FRI WKH SLQQLQJ SDUDPHWHU : DQG D /DUNLQ YROXPH >@ 9 FRPSDUH FXUYHV DW W  WR  LQ )LJE ZLWKFDV WKRVH DW W  DQG  LQ )LJ D
V 7KH DERYH GHVFULSWLRQ OHDGV XV WR SURSRVH WKDW DW D
: +7  JLYHQ WHPSHUDWXUH WKH HQWLUH nHOG VSDQ LV VXEGLYLGHG- z F LQWR WKUHH SULPDU\ UHJLPHV  WKH VLQJOH SDUWLFOH RU VPDOO9 +7 F EXQGOH UHJLPH DW ORZ nHOGV D FROOHFWLYH SLQQLQJ RI DQ RU
7KH SLQQLQJ SDUDPHWHU:  QI  ZKHUH Q LV WKH GHQVLW\ GHUHG ODWWLFH UHJLPH DW LQWHUPHGLDWH nHOGV DQG nQDOO\ WKH
RI SLQV DQG I UHSUHVHQWV WKH VWUHQJWK RI WKH HOHPHQWDU\ GHSDUWXUH EDFN WR D VLQJOH SDUWLFOH RU DPRUSKRXV UHJLPH
SLQQLQJ LQWHUDFWLRQ 7KH /DUNLQ YROXPH 9 LV JRYHUQHG DW KLJK nHOGV DV PDUNHG E\ DUURZ DW WKH RQVHW RI 3( LQFE\ WKH FRPSHWLWLRQ EHWZHHQ: DQG HODVWLF PRGXOL F DQG )LJD )LJE ,W LV DOVR REYLRXV WKDW WKH YRUWH[ V\VF RI D WULDQJXODU ODWWLFH >@ 7KH nHOG GHSHQGHQFH RI WHP IDLOV WR UHDFK WKH FROOHFWLYH SLQQLQJ RUGHUHG ODWWLFHWKH HODVWLF PRGXOL LV GLFWDWHG E\ WKH UHGXFHG nHOG SDUDP UHJLPH DW KLJK WHPSHUDWXUHV YHU\ FORVH WR 7 FHWHU E  + +  DW D JLYHQ WHPSHUDWXUH : LV FRPPRQO\FGHVFULEHG >@ LQ D VHSDUDEOH IRUP DV:  : 7 d) E % $QJXODU 'HSHQGHQFH RI &ULWLFDO &XUUHQW 'HQVLW\ZKHUH WKH IXQFWLRQ ) LV GHVFULEHG LQ WHUPV RI UHGXFHG nHOG
DQG LWV 5HODWLRQVKLS ZLWK (YROXWLRQ LQ 3LQQLQJE DQG: 7  DFFRXQWV IRU WKH RYHUDOO WHPSHUDWXUH GHSHQ %HKDYLRUGHQFH RI I LQ D QRUPDOL]HG PDQQHU 7KXV LI ZH DVVXPH
WKDW WKH WHPSHUDWXUH YDULDWLRQ RI : 7 FRUUHODWHV ZLWKWKH H[SHULPHQWDO YDOXHV RI FXUUHQW GHQVLW\ LQ ]HUR nHOG 7KH HYROXWLRQ RI SLQQLQJ FURVVRYHUV LQ +1E6H V\V-  LW ZRXOG EH LQVWUXFWLYH >@ WR YLHZ WKH SORWV RI WHP FDQ DOVR EH HOXFLGDWHG E\ H[DPLQLQJ WKH FKDQJHV LQF- + -  YV ++ 7 DW GLmHUHQW 7 WKH VKDSH RI WKH PDJQHWL]DWLRQ K\VWHUHVLV ORRS DV WKH GLF F F)LJVD DQG E VKRZ WKH UHVXOWLQJ SORWV RI UHFWLRQ RI WKH DSSOLHG nHOG LV RULHQWHG DZD\ IURP WKH F
- + -  LQ FU\VWDOV ; DQG < RI +1E6H DW VRPH D[LV RI WKH VLQJOH FU\VWDOF F VHOHFWHG WHPSHUDWXUHV 7KH HYROXWLRQ RI - + FXUYHV LQ ,Q VXFK D FLUFXPVWDQFH WKHUPDO HQHUJ\ UHPDLQV n[HGFWKHVH WZR VHWV RI SORWV DQG LWV FRPPRQDOLW\ ZLWK VLPL EXW WKH nHOG VSDQ RYHU ZKLFK HmHFWV RI LQWHUDFWLRQ
ODU VHWV RI SORWV LQ WKH FDVHV RI FXSUDWH VXSHUFRQGXFWRU OHDGLQJ WR FROOHFWLYH SLQQLQJ UHJLPH FDQ GRPLQDWH H[
<%D &X 2 >@ DQG WKH $ DOOR\ 9 6L >@ EH SDQGV DV D FRQVHTXHQFH RI LQFUHDVH LQ + YDOXH IROORZLQJ  bp  FFRPH QRZ YHU\ DSSDUHQW 1RWH nUVW WKDW LQ ; VHH )LJ WKH DQLVRWURSLF *LQ]EXUJ/DQGDX IRUPDOLVP UHODWLRQVKLS
   b D DV WKH WHPSHUDWXUH LQFUHDVHV WKH GHSDUWXUH IURP +  + N F7 VLQ t  q FRV t  ZKHUH q F F
+ NFFWKH FROOHFWLYH SLQQLQJ UHJLPH JLYHQ E\ SRZHU ODZ GH DQG t LV WKH DQJOH EHWZHHQ WKH DSSOLHG nHOG ++ NDEFFD\ RI - + >@ RFFXUV DW VPDOOHU YDOXHV RI WKH UHGXFHGF DQG WKH DE SODQH RI WKH VLQJOH FU\VWDO RI 1E6H >@ $VnHOG $W WKH KLJKHVW WHPSHUDWXUH W   WKH FRQYHQ {t FKDQJHV IURP WRZDUGV  + LQFUHDVHV IURP + NF FWLRQDO VKDUS SHDN HmHFW HYROYHV LQWR D EURDG KXPS DZD\ F 7 WR + N DE 7 DQG VLPXOWDQHRXVO\ WKH SHDN nHOGFIURP WKH FRUUHVSRQGLQJ + YDOXH FI )LJ D DQG )LJF + tS+ t DOVR LQFUHDVHV DV UHPDLQV QHDUO\ LQYDULDQWS + tG VRPHZKDW UHPLQLVFHQW RI WKH )LVKWDLO (mHFW )( F>@ )RU LQVWDQFH WKH LQVHW LQ )LJ GLVSOD\V 0+ ORRSV7KH HYROXWLRQ RI - + FXUYHV IURP 3( WR )( LQ FU\VWDOVF { { DW t  DQG t  DW 7   . LQ FU\VWDO < RI +RI <%D &X 2 DQG 9 6L KDV EHHQ UHSRUWHG WR RFFXU  bp   

1E6H  7KH PDLQ SDQHO RI )LJ VXPPDUL]HV WKH DQJXODU FRQWH[W RI HVWLPDWHV RI 5  D UHSRUWHG E\ $QJXUHO HW DO F GHSHQGHQFH RI QRUPDOL]HG PDJQHWL]DWLRQ GDWD DV ORJORJ >@ LQ PXFK PRUH VWURQJO\ SLQQHG FU\VWDOV RI +1E6H SORWV IROORZLQJ WKH SUHVFULSWLRQ RI )LJ ,W LV DSSDUHQW :H DOVR QRWH IXUWKHU WKDW WKH UDWLR RI 5  D VWDUWV WR FROF RQVHWWKDW LQ WKH 0+ ORRS IRU + N F DW  . WKH FROOHFWLYH ODSVH DW + VHH LQVHW L LQ )LJ D DV ZHOO DV WKDWSSLQQLQJ SRZHU ODZ UHJLPH VDQGZLFKHG EHWZHHQ WKH LQGL LQ )LJ E DQG DW WKH SHDN nHOG +  LW DSSURDFKHV WKHSYLGXDO SLQQLQJ OLPLW DW ORZ nHOG HQG DQG WKH DPRUSKRXV DPRUSKRXV OLPLW DV JLYHQ E\ LWV HVWLPDWH VKRZQ LQ WKH
OLPLW QHDU WKH + HQG FDQQRW EH GLVWLQFWO\ GHOLQHDWHG LQVHW LL LQ )LJ D)LJEF7KH 0+ ORRS UHVHPEOHV D nVKWDLO HmHFW +RZHYHU DV
{WKH DQJOH t UHDFKHV  WKH WKUHH UHJLPHV FRUUHVSRQGLQJ ,9 6800$5< $1' &21&/86,216WR WKH FRQYHQWLRQDO SHDN HmHFW QHDU +  WKH LQWHUDFWLRQFGRPLQDWHG FROOHFWLYH SLQQLQJ SRZHU ODZ UHJLRQ DW LQWHU
PHGLDWH nHOGV DQG WKH GLVRUGHU LQGXFHG UDSLG DSSURDFK 7R VXPPDUL]H ZH KDYH SUHVHQWHG H[SHULPHQWDO UHVXOWVWR WKH LQGLYLGXDO SLQQLQJ OLPLW DW ORZ nHOGV ZKLFK DF RQ WKH FXUUHQW GHQVLW\ LQ VLQJOH FU\VWDOV RI +1E6HFRXQWV IRU WKH UHHQWUDQW FKDUDFWHULVWLF LQ WKH 3( FXUYH ZKLFK UHYHDO WKH JHQHULF QDWXUH RI WKH HYROXWLRQ RI SLQFDQ EH HDVLO\ LGHQWLnHG 7KH VROLG OLQH DQG WKH GDVKHG QLQJ EHKDYLRU LQ ZHDNO\ SLQQHG YRUWH[ PDWWHU 7KH FRQ{OLQH GUDZQ IRU WKH FXUYH DW t  LQ WKH PDLQ SDQHO RI YHQWLRQDO SHDN HmHFW ORFDWHG QHDU +  WKH nVKWDLO HI F)LJ KHOS WR IRFXV RQ WKH UHYHUVH DPRUSKL]DWLRQ LH IHFW ZKLFK VSDQV DQ H[WHQGHG nHOG UHJLRQ DZD\ IURP + FWKH ?SODWHDX HmHFW DV WKH YRUWH[ PDWWHU HQWHUV WKH GL WKH SODWHDX HmHFW ORFDWHG DERYH + DQG WKH FROOHFWLYHO\FOXWH UHJLPH ODWWLFH FRQVWDQW D RI  $ DW + {  2H SLQQHG RUGHUHG YRUWH[ VWDWH DUH DOO UHVXOWV RI WKH FRP! SHQHWUDWLRQ GHSWK w RI  $ DW W  >@ IURPDE SHWLWLRQ DQG LQWHUSOD\ EHWZHHQ LQWHUDFWLRQ DPRQJVW YRUWKH RUGHUHG HODVWLF YRUWH[ VROLG UHJLPH $W WKLV MXQFWXUH WLFHV DQG GLVRUGHULQJ HmHFWV FDXVHG E\ WKHUPDO oXFWXDLW LV WHPSWLQJ WR GUDZ DQ DQDORJ\ EHWZHHQ WKH *LQJUDV WLRQV DQG TXHQFKHG UDQGRP LQKRPRJHQLWLHV ,Q VRPH FLUDQG +XVH >@ VFHQDULR RI DQ HODVWLFDOO\ GHIRUPHG SLQQHG FXPVWDQFHV DOO WKHVH HmHFWV FDQ EH LGHQWLnHG DV GLVWLQFWYRUWH[ ODWWLFH VWDWH VDQGZLFKHG EHWZHHQ KLJKHU GHQVLW\ IHDWXUHV O\LQJ LQ MX[WDSRVLWLRQ WR HDFK RWKHU ZKHUHDV LQYRUWH[ JODVV DQG YHU\ ORZ GHQVLW\ ?UHHQWUDQW JODVV VWDWH RWKHUV WKH\ DUH DGPL[HG LQ D PDQQHU WKDW WKH UHJLPH RIDQG RXU H[SHULPHQWDO REVHUYDWLRQ RI D FROOHFWLYHO\ SLQQHG VWDELOLW\ RI DQ RUGHUHG YRUWH[ ODWWLFH EHFRPHV REVFXUHTXDVL RUGHUHG YRUWH[ VWDWH VDQGZLFKHG EHWZHHQ D KLJKO\ 7KH ODWWHU NLQG RI EHKDYLRU KDV RIWHQ EHHQ UHSRUWHG LQFRQFHQWUDWHG DPRUSKRXV YRUWH[ VWDWH DQG D YHU\ GLOXWH UHFHQW \HDUV LQ D YDULHW\ RI KLJK WHPSHUDWXUH FXSUDWH VXGLVRUGHUHG YRUWH[ DUUD\ LQ WKH QHDUO\ LQGLYLGXDO SLQQLQJ SHUFRQGXFWRUV RYHU D YHU\ ZLGH nHOG  WHPSHUDWXUH VSDQUHJLPH 7R UHLWHUDWH WKH FURVVRYHU IURP FROOHFWLYH SLQ ,Q WKH FU\VWDOV RI + 1E6H  VXFK D EHKDYLRU LV VHHQ LQQLQJ UHJLPH WR HDFK RI WKH RWKHU WZR UHJLPHV UHVXOWV LQ D YHU\ OLPLWHG nHOGWHPSHUDWXUH UHJLRQ QHDU 7  YDOXHFDQ DQRPDORXV LQFUHDVH LQ - YDOXHV ,Q WKH FDVH RI WKHF ,W LV WKXV LQVWUXFWLYH WR FROODWH LQ )LJ WKH GRPDLQV RI DXSSHU DQRPDO\ WKH - + UDSLGO\ GHFOLQHV IURP WKH SHDNF FROOHFWLYHO\ SLQQHG RUGHUHG VWDWH FI SRZHU ODZ UHJLPHVSRVLWLRQ RI 3( GXH WR D FROODSVH RI WKH VWUHQJWK I RI LQGL LQ )LJ DQG )LJ DV GLVWLQFW IURP WKH KLJK nHOG FRQYLGXDO SLQV RQ DSSURDFKLQJ WKH + YDOXH 2Q WKH RWKHUF YHQWLRQDO 3( UHJLRQ DQG WKH ORZ nHOG LQGLYLGXDO SLQQLQJKDQG LQ WKH FDVH RI WKH UHYHUVH DQRPDO\ LH WKH ?SODWHDX OLPLW DQGRU WKH SODWHDX HmHFW UHJLRQ LQ FU\VWDOV ; DQGHmHFW IURP WKH SRVLWLRQ RI WKH KXPS WKH - + YDOXHVF < RI +1E6H  ,Q WKH PDJQHWLF SKDVH GLDJUDPV VKRZQVPRRWKO\ FURVV RYHU WR WKH LQGLYLGXDO SLQQLQJ OLPLW LQ )LJD DQG )LJE WKH nHOG  WHPSHUDWXUH UHJLRQ,W LV XVHIXO WR YLHZ VHH LQVHWV L DQG LL LQ ERWK )LJV EHWZHHQ WKH VWDUW RI WKH 3( DQG WKH + 7 OLQH KDV EHHQFD DQG E WKH FRPSXWDWLRQV RI UDGLDO FRUUHODWLRQ nOOHG ZLWK GRWWHG OLQHV DQG WHUPHG DV DPRUSKRXV UHJLRQOHQJWKV 5 YV + LQ FU\VWDOV ; DQG < DW WHPSHUDWXUHVF ZKHUHDV WKH ORZHU nHOG SLQQLQJ GRPLQDWHG UHJLRQ KDVFRUUHVSRQGLQJ WR WKH WZR H[WUHPH EHKDYLRU RI FXUUHQW EHHQ VKDGHG ZLWK VROLG OLQHV DQG WHUPHG DV CUHHQWUDQW GLVGHQVLW\ GDWD LQ WKH PDLQ SDQHO RI )LJV D DQG E RUGHUHG
 7KH VR FDOOHG DPRUSKRXV DQG UHHQWUDQW GLVRU7KHVH FRPSXWDWLRQV KDYH EHHQ PDGH XVLQJ - + YDOXHVF GHUHG UHJLRQV RYHUODS DQG IRUP D FRQWLQXXP LQ WKH QHLJKLQ FU\VWDOV ; DQG < DQG IROORZLQJ WKH '' FROOHFWLYH ERUKRRG RI WKH VR FDOOHG CQRVH
 UHJLRQ RI WKH 3( FXUYH UHSLQQLQJ DQDO\VLV PDGH E\ $QJXUHO HW DO >@ DV SHU WKHLU FDOO W + FXUYHV LQ WKH LQVHWV RI )LJF DQG J 7KXVS(TXDWLRQV  DQG  ,W ZDV VXUPLVHG E\ WKHP >@ DQG WKH SKDVH GLDJUDPV LQ )LJD DQG )LJE IXUWKHU FODUZH KDYH FRQnUPHG >@ E\ HVWLPDWLQJ ORQJLWXGLQDO FRUUH LI\ KRZ WKH HQKDQFHPHQW LQ TXHQFKHG UDQGRP GLVRUGHUODWLRQ OHQJWK / IURP -  GDWD LQ WKH FU\VWDO ; >@ WKDWF F DV PHDVXUHG E\ LQFUHDVH LQ - YDOXHV VKULQNV WKH GRPDLQFWKH ' FROOHFWLYH SLQQLQJ GHVFULSWLRQ LV PRUH DSSURSULDWH RI WKH FROOHFWLYHO\ SLQQHG DQG HODVWLFDOO\ GHIRUPHG RUIRU WKH FU\VWDO ; 2Q WKH RWKHU KDQG RXU HVWLPDWHV RI /F GHUHG VWDWH LQ WKH nHOGbWHPSHUDWXUH UHJLRQ ZKHUH WKH LQVKRZ >@ WKDW ' FROOHFWLYH SLQQLQJ VFHQDULR SUHYDLOV LQ WHUSOD\ EHWZHHQ WKHUPDO oXFWXDWLRQV DQG SLQQLQJ HmHFWVFU\VWDO < 7KH DQDO\VLV LQGHHG nQGV FI GDWD LQ WKH LQVHWV SUHGRPLQDWHV $W WHPSHUDWXUHV DERYH WKH QRVH UHJLRQLQ )LJD DQG )LJE WKDW WKH YDOXHV RI WKH UDWLR 5F WKH FRPELQDWLRQ RI WKHUPDO oXFWXDWLRQV DQG TXHQFKHG D ZKHUH D LV WKH oX[ OLQH ODWWLFH FRQVWDQW LQ FU\VWDO  GLVRUGHU GHVWDELOL]HV WKH RUGHUHG ODWWLFH RYHU WKH HQWLUH; DW W  DUH ODUJHU WKDQ WKRVH LQ WKH PRUH VWURQJO\ nHOG UHJLPHSLQQHG FU\VWDO < DW D FRPSDUDEOH YDOXH RI W 7KH 5  DF  $V D nQDO UHPDUN LW LV ZRUWKZKLOH WR UHFDOO WKDW 3DOWLHOYDOXHV LQ FU\VWDOV ; DQG < DOVR DSSHDU UHDVRQDEOH LQ WKH

HW DO >@ KDYH GUDZQ DWWHQWLRQ WR WKH LPSRUWDQFH RI VXU >@ & 7DQJ ; /LQJ 6 %KDWWDFKDU\D DQG 3 0 &KDLNLQ 
(XURSK\V /HWW   DQG UHIHUHQFHV WKHUHLQIDFH EDUULHUV DW ORZ nHOGV LQ FU\VWDOV RI +1E6H  ,Q WKH >@ $ , /DUNLQ 0 & 0DUFKHWWL DQG 9 0 9LQRNXU 3K\VnHOG  WHPSHUDWXUH UHJLRQ RI RXU SUHVHQW ZRUN WKH VKDSH
5HY /HWW   RI 0+ ORRSV VHH IRU LQVWDQFH LQVHWV LQ )LJ VXJJHVWV
>@ 3/ *DPPHO HW DO 3K\V 5HY /HWW   WKDW WKH VXUIDFH EDUULHU HmHFWV DUH QRW SURPLQHQW >@ 7 1LVKL]DNL HW DO 3K\V 5HY %   7R FRQFOXGH ZH KDYH GHPRQVWUDWHG WKH HYROXWLRQ RI >@ + .XSIHU HW DO 3K\V 5HY %   WKH SLQQLQJ EHKDYLRU WKURXJK - + LQ WKH KLJK WHPSHUF >@ ' 5 1HOVRQ DQG 3 /H 'RXVVDO 3K\V 5HY %  DWXUH SDUW RI WKH +7 SKDVH GLDJUDP LQ ZHDN SLQQLQJ  6 5KX 6 'RQLDFK * 'HXWVFKHU DQG $ .DSLWVDPSOHV RI +1E6H  7KH UHVXOWV VKRZ D UHJLPH RI WKH XOQLN 3K\V 5HY /HWW    0 , - 3UREHUWFROOHFWLYHO\ SLQQHG YRUWH[ VROLG DNLQ WR D %UDJJ JODVV >@ DQG $ , 0 5DH LELG    * %ODWWHU DQGWKDW LV GHVWDELOL]HG DW ERWK KLJK DQG ORZ nHOGV $W KLJK 9 *HVKNHQEHLQ LELG    nHOGV WKH FULWLFDO FXUUHQW LQFUHDVHV UDSLGO\ WR PHUJH ZLWK >@ 6 5DPDNULVKQDQ HW DO 3K\VLFD &    &]HFKWKH DPRUSKRXV OLPLW DQG LW WKHQ GHFUHDVHV UDSLGO\ ZLWK -RXUQDO RI 3K\VLFV 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),*  /RJ/RJ SORWV RI - YV + IRU +NF DW VHOHFWHG WHPF>@ * %ODWWHU HW DO 5HY 0RG3K\V    DQG SHUDWXUHV LQ FU\VWDOV ; DQG < RI +1E6H  7KH WHPSHUDUHIHUHQFHV WKHUHLQ WXUH UDQJH IRU WKH SUHVHQW H[SHULPHQWV ZDV FKRVHQ VXFK WKDW>@ 7 *LDPDUFKL DQG 3 /H 'RXVVDO 3K\V 5HY /HWW  WKH SHDN nHOGV +  ZHUH EHORZ  N2H 7KH SHDN HmHFW DWS  3K\V 5HY %    DQG UHIHUHQFHV + KDV EHHQ LGHQWLnHG LQ )LJV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 WR 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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 $W nHOGV DERYH WKLV LQWHUYDO - + LQFUHDVHV DQRPDORXVO\ WRF \LHOG D SHDN ZKHUHDV RQ GHFUHDVLQJ WKH nHOG EHORZ WKH ORZHU>@ 7 *LDPDUFKL DQG 3 /H 'RXVVDO 3K\V 5HY /HWW  HQG RI SRZHU ODZ UHJLRQ - + VWDUWV WR GHYLDWH DZD\ IURPF  3K\V 5HY %    WKH SRZHU ODZ EHKDYLRU WR DSSURDFK WKH LQGLYLGXDO SLQQLQJ>@ ( =HOGRY HW DO 1DWXUH    OLPLW 7KH LQVHWV LQ )LJF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J GLVSOD\ WKH 3( FXUYH>@ $ 6KLOOLQJ HW DO 1DWXUH  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 7 + 7 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 ERXQGDU\ W + 7 +7  LQ FU\VWDOV ; DQG < UHVSHFF F F>@ 6 6 %DQHUMHH HW DO 3K\V 5HY %  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 3( FXUYHV LQ HDFK RI WKHVH LQVHWV LGHQWLI\ WKH UHGXFHG WHPSHU>@ ' 5 1HOVRQ 3K\V 5HY /HWW    DWXUHV DW ZKLFK - + GDWD KDYH EHHQ GLVSOD\HG LQ )LJVD WRF>@ . *KRVK HW DO 3K\V 5HY /HWW    6 6 G DQG )LJVH WR K 7KH - + SORW DW W  LQ FU\VF%DQHUMHH HW DO (XURSK\V /HWW    WDO ; LQ )LJG DQG WKDW DW W  LQ FU\VWDO < LQ )LJK>@ 0 7LQNKDP ,QWURGXFWLRQ WR 6XSHUFRQGXFWLYLW\ 0F VKRZ WKDW WKH SHDN HmHFW FDQQRW EH LGHQWLnHG GLVWLQFWO\ DW*UDZ+LOO ,QF VHFRQG HGLWLRQ  FKDSWHU  WKH FRUUHVSRQGLQJ WHPSHUDWXUHV 1RWH WKH ORFDWLRQ RI WKHVH>@ : . .ZRN HW DO 3K\V 5HY /HWW    UHGXFHG WHPSHUDWXUH YDOXHV LQ WKH LQVHWV RI )LJF DQG )LJ>@ 6 %KDWWDFKDU\D DQG 0 - +LJJLQV 3K\V 5HY /HWW  J WKH\ OLH QHDU WKH ?QRVH UHJLRQ RI WKH UHVSHFWLYH W +S  0 - +LJJLQV DQG 6 %KDWWDFKDU\D 3K\VLFD FXUYHV&   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 DQG UHIHUHQFHV WKHUHLQ
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),*  /RJ/RJ SORWV RI - + -  YV + + 7  IRU +NFF F F
DW VHOHFWHG WHPSHUDWXUHV LQ WKH FU\VWDOV ; DQG < RI +1E6H 
7KH 3( UHJLRQ KDV EHHQ LGHQWLnHG DW WKH ORZHVW UHGXFHG WHP
SHUDWXUH IRU FU\VWDOV ; DQG < LQ )LJD DQG )LJE UH
VSHFWLYHO\ 7KH SDLU RI DUURZV LQ )LJD  )LJE LGHQWL
nHV WKH SRZHU ODZ UHJLPH 7KH QRUPDOL]HG FXUUHQW GHQVLW\
UHDFKHV XSWR D OLPLWLQJ YDOXH DW WKH SHDN 7KLV OLPLWLQJ YDOXH
LV PDUNHG DV WKH DPRUSKRXV OLPLW LQ )LJE 7KH LQVHWV L
DQG LL LQ )LJD DQG LQ )LJE VKRZ 5  D YV + DW WZRF 
UHGXFHG WHPSHUDWXUHV LQ FU\VWDOV ; DQG < UHVSHFWLYHO\
),*  7KH LQVHW SDQHOV VKRZ SRUWLRQV RI WKH IRUZDUG
b+ WR +  DQG WKH UHYHUVH + WRb+  PDJPD[ PD[ PD[ PD[
QHWL]DWLRQ K\VWHUHVLV FXUYHV DW 7   . DW WZR RULHQWDWLRQV
RI WKH FU\VWDO < RI 1E6H  7KH DQJOH Ct
 LV PHDVXUHG ZUW
WKH EDVDO SODQH RI WKH KH[DJRQDO FU\VWDO 7KH 3( UHJLRQ WKH
SHDN nHOG + DQG WKH XSSHU FULWLFDO nHOG + DUH LGHQWLnHGS F
LQ ERWK WKH K\VWHUHVLV ORRSV 1RWH WKDW WKH + t LQFUHDVHVF
DV + RULHQWV DZD\ IURP WKH FD[LV WRZDUGV WKH EDVDO SODQH
7KH PDLQ SDQHO GLVSOD\V WKH QRUPDOL]HG YDOXHV RI WKH ZLGWK
RI PDJQHWL]DWLRQ K\VWHUHVLV ORRS YHUVXV + + t RQ D ORJORJF
SORW IRU YDULRXV YDOXHV RI t 5HFDOO WKDW WKH ZLGWK RI WKH ORRS
{c0+ {0 0  LV D PHDVXUH RI WKH FXUUHQW GHQUHY IRU
VLW\ - + 1RWH WKDW WKH VKDSHV RI WKH FXUYHV LQ WKH PDLQF
SDQHO HYROYH LQ WKH VDPH PDQQHU DV LQ )LJE ,Q WKH FXUYH
FRUUHVSRQGLQJ WR t   WKH WZR DUURZV PDUN WKH SRZHU ODZ
UHJLPH 7KH FRQYHQWLRQDO 3( UHJLRQ VWDUWV DW WKH XSSHU HQG
RI WKH SRZHU ODZ UHJLPH 7KH H[WUDSRODWHG VROLG OLQH SDVV
LQJ WKURXJK WKH GDWD SRLQWV LQ WKH SRZHU ODZ UHJLPH DQG WKH
GRWWHG OLQH SDVVLQJ WKURXJK WKH GDWD SRLQW LQ WKH nHOG UHJLRQ
EHORZ WKH ORZHU OLPLW RI WKH SRZHU ODZ UHJLPH GHPRQVWUDWH
WKH ORZ nHOG DQRPDO\ LH ?WKH SODWHDX HmHFW SKHQRPHQRQ
),*  9RUWH[ SKDVH GLDJUDPV LQ WKH ORZ nHOG  KLJK WHP
SHUDWXUH LH + N2H DQG   7 7    UHJLRQF
LQ FU\VWDOV ; DQG < RI +1E6H IRU nHOGV DSSOLHG SDUDO
OHO WR WKH FD[LV 7KH UHJLRQ EHWZHHQ WKH RQVHW RI FRQYHQ
RQVHWWLRQDO SHDN HmHFW SKHQRPHQRQ +  DQG WKH VXSHUFRQGXFS
WRUQRUPDO SKDVH ERXQGDU\ +  KDV EHHQ nOOHG ZLWK GRWWHGF
OLQHV ZKHUHDV WKH ORZ nHOG UHJLRQ EHORZ WKH VWDUW RI SRZHUODZ
EHKDYLRU LQ - + VHH )LJ KDV EHHQ VKDGHG ZLWK VROLG OLQHVF
7KH nOOHG WULDQJOHV GDWD SRLQWV LGHQWLI\ WKH OLPLWLQJ nHOGV
DERYH ZKLFK SRZHU ODZ EHKDYLRU SUHYDLOV VHH IRU LQVWDQFH
)LJD DQG )LJE 1RWH WKDW WKH FROOHFWLYHO\ SLQQHG
TXDVLRUGHUHG ODWWLFH UHJLRQ DSSHDUV VDQGZLFKHG EHWZHHQ WKH
VRFDOOHG CUHHQWUDQW GLVRUGHUHG
 UHJLRQ DQG WKH DPRUSKRXV UH
JLRQ IRU   W   LQ FU\VWDOV ; LQ )LJD DQG IRU
RQVHW  W   LQ FU\VWDO < LQ )LJE 7KH FXUYHV +S
LQ )LJVD DQG E FRUUHVSRQG WR WKH WHPSHUDWXUHV RI RQVHW
RI WKH SHDN HmHFW LQ LVRnHOG  7  VFDQV DV UHSRUWHG E\ 6 6DF RQVHW%DQHUMHH HW DO LQ 5HI >@ 7KH + OLQH LQ )LJE SDVVSRQVHWLQJ WKURXJK 7 + GDWD SRLQWV LQ FU\VWDO < WDNHQ IURPS
5HI>@ LV FRQVLVWHQW ZLWK WKH nHOG YDOXHV SURYLGHG +! 
2H DW WKH XSSHU HQG RI FROOHFWLYHO\ SLQQHG SRZHUODZ EHKDY
LRU ZKLFK FRXOG EH GHWHUPLQHG IURP WKH LVRWKHUPDO - YV +F
VFDQV DV VKRZQ LQ )LJE )RU WKH VDNH RI FRPSOHWHQHVV WKH
ORZHU FULWLFDO nHOG + 7 OLQH >@ KDV DOVR EHHQ GUDZQ LQF
HDFK RI WKH SKDVH GLDJUDPV

